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The (let erminntion of [-'TI -UTC is obl:~inetl at the Iiureau 
Intern:~tioaal dc l lHeure  fr*om :I n'orlcl centr:~liz:~lion of 
the a s t r o ~ ~ o n i i c a l  mensurements rnnde in 6 0  stations. 

The conlbination of the data, involving analysis and prc- 
ctiction of the intliviclual behaviour of the stations,  i s  
described. The stability of the resul ts  made available 
to different kincls of u se r s  under various t ime delay/ 
accuracy contlitions i s  c11nr:icterizcd. 

The rotation of the Earth i s  computeci I rom glbound opticnl measurements of 
s t a r  directions. A n  o b s e r ~ a t i o n ,  3t station i, gives a local value of the in- 
stantaneo~ls angular position of tile Earth: 1 - 1  O(i) - YTC. r T 1 - U T C  is obtained 
at the  HIH by coinbining the local 17Tn(i) - L-'I'C af ter  they a r e  corrected fo r  
the motion of the pole on the T;:irth. In 197(i, G O  astronolnic:~l instruments a r e  
transmitting their  ohsen-ntions of L-TO to the HIH. 

In the future,  llcn metl~ods arc en\-isioned to rnetlsurc the kart11 rot:~tion: 
Lunar Lase r  Ranging [ 1 ] (operation e ~ p e c t e d  to s t a r t  in 1 9 7 7 )  snd L7LBI. 
These r~letllvds a r c  expected to pr30\-ide lbesults witti :i ~ r e n l e r *  p rec i s im~  and 
a better time-resolution than the classical  :istronvmic:~l nlctllod, but the 
la t te r  i s  s t i l l  improving, a s  sho\\n 1)y the  follonirlg ~li~rntjei+s f o r  1967 and 
1975: 



1975 
1975 rat io  - 

1967 

number of visual instruments  1 31 3 6 1. 06 

photographic 
number of instruments  

photoelectric 
16 

number of observing nights per  year  4 225 6 233 1.48 

number of observed s t a r s  p e r  year  187 831 2. 00 

Allan variance 01 the BIH 5-day (0: 0022)~  (07 0011)~  0. 25 
raw values ( a 2  (2, T - T = 5d) ) 

The above f i r s t  four l ines show the increasing effort of the observator ies ,  
whicli use  photographic o r  photoelectric instruments  r a the r  than visual ones; 
moreover ,  the number of observing nights grows f a s t e r  than the number of 
instruments,  and the number of observed s t a r s  grows even faster .  During 
the same t ime,  our  studies of the individual t ime s e r i e s  of UTl( i )  - UTC led 
u s  t o  an improved prediction of the i r  bchaviour. These  studies and the i r  
application to  thc cur ren t  computations in o r d e r  t o  get consistent values of 
UTI  will bc outlined. Then the precision of the values of UTI-UTC as pub- 
lished by the BIII with t ime  delays ranging f r o m  one week to  one year  will be 
estimated. 

OPTIMAL FILTERING OF TI-IE INDIVIDUAL TIME SERIES OF  UT 

The astronomical measurements  of U T  supply the instantaneous position of 
the Ear th  in its rotation by linking a network of stations which represen t  the 
Earth c rus t  to  a se t  of s t a r s  which provide an iner t ia l  reference system. 
These measurements  may suffer  f rom the influence of instrumental e r r o r s ,  
tectonic motions, refract ion i r regular i t i es ,  star catalog effects,  etc. In 
addition, the t ime  s e r i e s  of UTl( i ) ,  i. e. , UTO(i) cor rec ted  for  the longitude 
effect of polar  motion, have a la rge  individual annual component ( see  Figure 1). 
On the other  hand, the BIH has  t o  publish consistent values of UT1 with a l ime 
delay largely sho r t e r  than one year.  W e  must  then be able t o  predict  the 
individual e r r o r s ,  according to  an appropriate  modeling of t he i r  s ta t is t ical  
and determinis t ic  features .  





CORRECTIOK OF SIIORT TERM VARIATIONS AND SMOOTIIING 

Short-Term Variations 

The astronomical measurements have short-term local variations due to 
diurnal nutation and earth tides: all  known corrections a r e  applied to the 
UTl(i) before combination. There a r e  also some other variations in the 
Earth's rotation due to the zonal earth tides; they a r e  not corrected. The 
components of period shorter  than one month a r e  thus present in the pub- 
lished raw values of UTI  (Table 6 of the BIH Annual Reports) but they vanish 
in the usual smoothing (circular D). 

Smoothing 

The raw values of UTI in Tablc GC of the BIH Annual Report a r e  freed from 
all  known o r  estimated systematic variations; they a r e  the relevant data for  
studies of the Earth's rotation. As they indeed still  have noise spectral 
density, an appropriate smoothing will provide the use r s  of UT1 with better 
current values. 

At the BIH, we use Vondrak's smoothing method [4 1 ,  which is an extension 
of Whittaker-Robinson's one for  the case of unequally spaced and weighted 
data. A parameter E allows one to choose the roughness of the smoothed 
curve; the usual smoothing of the 5-day raw values of U T 1  is made with 
(? = 10-11 , which attenuates the amplitude of waves of different frequencies 

according to Figure 2. This filtering is strong enough to remove the waves 
due to zonal tides (13. 7 and 27.7 d) and weak enough to leave in the smoothing 
the semi annual variation which is also present in the Earth 's  rotation. The 
spectral analysis of the residuals of raw data with respect to this smoothing 
(Figure 2) shows the two zonal tide lines, noise outside the lines and a low 
frequency cutoff near  0. 02 c/d: for  time intervals longer than approximately 
50 days, the time ser ies  of 5-day raw and smoothed values of U T 1  a r e  statis- 
tically equivalent. 

PUBLICATION OF TIIE RESULTS - TIME DELAY AND PRECISION 

The preceding sections dealt with the way in which the BIH insures the consist- 
ency and accuracy of i ts  results: all  the published values of U T 1  a r e  in the 
same system, which is linked to the conventional origin of longitudes. However, 
the various needs of the different users  of i ts  data lead the BIH to issue different 
publication ser ies ,  with different time delays after the last observation date, 
which implies a varying precision according to the time delay of publication. 



To character ize these precisions we shall take the usual Vontirak's smooth- 
ing ( t  = 10mif) of r a w  values of l 'able GC a s  a reference. The residuals of 
this smoothing since 1974 a r e  shown on Figure 2 .  CWer thc t ime interval 
1972. 0 - 1976. 5, their  r. 111. s .  t a luc  i s  O? 0014,  \ ~ h i l e  their  nlean standard 
e r r o r  i s  0.' 0009. 'l'his irldicates that some correlatioiis s t i l l  exist kctween the 
raw values indeperldently computecl. -4strononlicnl t imc s e r i e s  a r e  ltnown to 
have sornetiines transient systcmntic e r rorbs  during intervals ranging Srom a 
few days to several  months. These apparent s tcps can 11;trdly be corrected 
and thus generate flicke15 noise in the global coml~ination fo r  L'T1 r 5 1, as 
show11 by the Allan variance 0' ('7, T = i- ) , of the residuals f rom a strong 
smoothing ( L  = lo - '  9 fors vnrying sampling intcrvttls (Figure 4). 

Publication Dclay: One b 'eek 

Since April 1971, we have operated a Rapid Service, under a contract with the 
Je t  Propulsion Laboratory. Our  data a r e  used fo r  the navigation of deep space 
probes. The calculations f o r  this  weekly serv ice  a r e  made with the astronom- 
ical  data transmitted to u s  by teletype by 34 stations, th ree  days af ter  the las t  
observation date; 16 soviet observatories recently joined this  group. Every 
Thursday, 14 11 UT, we a r e  able to teletype smoothed daily values of UT1 and 
the pole coordinates f o r  the preceding weelr. Thc r. m. s. deviation of these 
Url'l values (taken every 5 (lays) f rom the usual Vondrali's smoothing is O? 0021 
(see  Figure 3 ) .  

Publication Delay: One mlrl a Hnlf LIonths 

The monthly Circular  D i s  publislicd a t  the beginning of xnontli m; it provides 
the u s e r s  with 5-day smoothetl ant1 raw values of U1'1 ant1 the pole coordinates 
l o r  month m-2. The srnoothecl vnlucs a r e  obtained by the usual Vondrak's 
smootlling, with only very few values :~vail:ihlc a l te r  the date of the last  pub- 
lished point. 'This smootliirlg inay the11 sliglllly differ f rom the final one. The 
rneasurcd r. m. s. deviation from T'oadrah's usual slllootlliiig i s  O? 0008 ( see  
Figure 3). 

Publication Delay: One Years - Definitive Y:~lucs 

The Annual Report of the BIII wlzicli i s  pul~lished every year  in June gives de- 
finitive values fo r  the prececling year.  The values of U T I  in Table 6C a r e  
essentially the raw values of the monthly Circular  D, will1 all improvements 



made possible by the passing of time: individual weighting of the data according 
to the actual (and no longer predicted) dispersion, taking into account all known 
data amendments, and, more generally, the correction of any anomalies in the 
received data, which can only be detected after a while. 
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The description of the BIH methods for deriving U T 1  and the pole coordinates is 
given in the Annual Report for 1969 (in French) and for 1970 (in English). 
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l a - R a w  values rrjini~s srnoottiirly I 

I> - Rapid S e r v i c e  t r l lnus  smoothing  

I 

I - C ~ r c u l a  I- 1) t n l n l l s  smoothing  

F i g .  3 l < r s l d u a l s  of UT1 5 - d a y  values f r o m  V o n d r a k ' s  s m o o t h i n g ( & =  1 0 . ~ ~ 1 .  

hl / Slope  c o r r e s p o n d i n g  t o  f l i c i r r  n o i s e  ( ~ 1  - 0 )  

k ' i ~ .  4 A l l a n  v a r i a n c e  o f  ' 11 a s  a function of mras i . i i ing  i n t e r v a l .  




